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(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately detect the reduction > 
of a tire air pressure irrespective of the traveling condition of a r — 
vehicle by providing low-speed and high-speed determining steps Y~*P 
for determining the reduction of a tire air pressure based on the ^ x^TlP * 
rotational angular velocity of each tire. --^-^^^^.—^ 
SOLUTION: Wheel speed sensors 1 are respectively provided in 1 
the tires W (W1 to W4) of four-wheeled vehicle and, in the CPU 
2b of a control unit 2 for inputting its output signal, the rotational 
angular speed of each tire is calculated for each prescribed 
sampling cycle based on a wheel speed pulse and the speed of 
the vehicle is detected. During a low-speed traveling, the 
reduction of the air pressure of the tire W is determined by a 
low-speed determining means based on each detected rotational 
angular speed. During a high-speed traveling in which a vehicle 
speed is a prescribed threshold value or more, only when the 
driving state of the vehicle is detected, the reduction of the air 
pressure of the tire W is determined by a high-speed determining 
means based on the detected rotational angular speed. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Detect each angular rate of rotation of four tires with which the car is equipped, and it is based on 
each detected angular rate of rotation concerned. If it is the air- failure detection approach of a tire of 
generating an alarm and said angular rate of rotation is detected when it judges whether the pneumatic 
pressure of a tire is falling and is judged with pneumatic pressure falling The judgment step for low speeds 
which judges whether the pneumatic pressure of a tire is falling based on each of this detected angular rate of 
rotation, If the angular rate of rotation is detected, it is more than the threshold that the rate of a car defines 
beforehand. And the air- failure detection approach of the tire characterized by including the judgment step for 
high speeds which judges whether the pneumatic pressure of a tire is falling based on said detected angular 
rate of rotation only when a car is in a drive condition. 

[Claim 2] Detect each angular rate of rotation of four tires with which the car is equipped, and it is based on 
each detected angular rate of rotation concerned. When it judges whether the pneumatic pressure of a tire is 
falling and is judged with pneumatic pressure falling, it is the air- failure detection approach of a tire of 
generating an alarm. At the time of a low speed When it judges, and it is among a high speed and it is in a 
drive condition, whether the threshold as which the decision value which amends using the information on a 
car and is acquired determined said each angular rate of rotation beforehand is filled The air-failure detection 
approach of the tire characterized by judging whether the threshold which calculated the decision value at the 
time of said low speed, and the decision value concerned defined beforehand from the relation between the 
rate from an arbitration rate and said decision value is filled. 

[Claim 3] Detect each angular rate of rotation of four tires with which the car is equipped, and it is based on 
each detected angular rate of rotation concerned. A speed detection means to be air- failure detection 
equipment of a tire which generates an alarm, and to detect the rate of a car when it judges whether the 
pneumatic pressure of a tire is falling and is judged with pneumatic pressure falling, A distinction means to 
distinguish whether it is more than the threshold that the rate of the car detected with this speed detection 
means defined beforehand, If a drive condition detection means to detect whether a car is in a drive condition 
is included and each angular rate of rotation is detected for said judgment means by said angle-of-rotation 
speed detection means A judgment means for low speeds to judge whether the pneumatic pressure of a tire is 
falling based on each of this detected angular rate of rotation, It is distinguished that the rate of the car 
detected by said speed detection means in said distinction means is said more than threshold if each angular 
rate of rotation is detected by said angle-of-rotation speed detection means. And it is air-failure detection 
equipment of the tire characterized by including a judgment means for high speeds to judge whether the 
pneumatic pressure of a tire is falling, based on said detected angular rate of rotation only when it is detected 
in said drive condition detection means that a car is in a drive condition. 

[Claim 4] Detect each angular rate of rotation of four tires with which the car is equipped, and it is based on 
each detected angular rate of rotation concerned. When it judges whether the pneumatic pressure of a tire is 
falling and is judged with pneumatic pressure falling, it is air- failure detection equipment of a tire which 
generates an alarm. At the time of a low speed When it is a judgment means for low speeds to judge whether 
the threshold as which the decision value which amends using the information on a car and is acquired 
determined said each angular rate of rotation beforehand is filled, and among a high speed and is in a drive 
condition Air- failure detection equipment of the tire characterized by including a judgment means for high 
speeds to judge whether the threshold which calculated the decision value at the time of said low speed, and 

http://www4.ipdl.ncipi.go.jp/cgi^ 2/24/2005 



Page 2 of 2 

the decision value concefl^defined beforehand from the relation beU^B^the rate from an arbitration rate 
and said decision value is filled. 

[Claim 5] When a number of data with which said judgment step for high speeds set beforehand the rate more 
than the threshold which the rate of a car defines beforehand at fixed spacing to a field part opium poppy and 
a number of rate fields subsequently beforehand defined among all the rate fields concerned collect The tire 
air- failure detection approach according to claim 1 of calculating the decision value in an inside low speed 
from this secondary fimction with the data which averaged the data in the rate field which fulfilled the 
conditions of the number of data concerned, and then were averaged to the least square method after asking 
for a secondary function, and detecting an alarm based on this decision value. 

[Claim 6] When a number of data with which said high-speed judgment means set beforehand the rate more 
than the threshold which the rate of a car defines beforehand at fixed spacing to a field part opium poppy and 
a number of rate fields subsequently beforehand defined among all the rate fields concerned collect Tire air- 
failure detection equipment according to claim 3 or 4 which calculates the decision value in an inside low 
speed from this secondary function with the data which averaged the data in the rate field which fulfilled the 
conditions of the number of data concerned, and then were averaged to the least square method after asking 
for a secondary function, and detects an alarm based on this decision value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the air- failure detection approach of a tire, and its equipment. 
In more detail, even if a car is under [ low-speed transit ] or high-speed running, it is related with the air- 
failure detection approach of the tire which detects the fall of a tire, and its equipment. 
[0002] 

[Description of the Prior Art] In recent years, the equipment which detects the air failure of a tire is proposed 
as one of the safety devices for four- flower cars, such as a passenger car and a truck, and there are some 
which are put in practical use in a part. 

[0003] The importance is recognized for a reason as mainly shown below, and the air-failure detection 
equipment of a tire is developed. That is, a fall of pneumatic pressure raises the temperature of a tire 
according to increase of a deflection. If temperature becomes high, the reinforcement of the polymeric 
materials used for the tire will fall, and it will lead to a burst of a tire. Usually, even if the pneumatic pressure 
of a tire escaped from about 0.5 atmospheric pressures, since he had not noticed the driver at it in many cases, 
equipment which can detect it was desired. 

[0004] The detection approach of the air failure in the air- failure detection equipment of said tire is four tires 
Wl and W2 equipped with the car, W3, and W4 (in addition, tires Wl and W2 are equivalent to a pre-right- 
and-left tire, respectively, and tire W3 and W4 correspond to a post-right-and-left tire, respectively.). 
Moreover, hereafter, when naming generically, there is an approach based on the difference among each 
angular rates of rotation Fl, F2, F3, and F4 (henceforth [ when naming generically ] the angular rate of 
rotation Fi) called Tire Wi. 

[0005] By this approach, the angular rate of rotation Fi of Tire Wi is detected for every predetermined 
sampling period based on the signal outputted from the wheel speed sensor attached in Tire Wi, for example. 
Here, effective ** of Tire Wi is [ all ****** (value which broke the distance to which the car progressed 
when a tire rotated one time at the time of free fright of a tire by 2pi) ] the same cases, and this detected 
angular rate of rotation Fi is altogether the same if the car is carrying out straight-line transit. 
[0006] On the other hand, ****** changes so that effective ** of said tire Wi may correspond to change of 
the pneumatic pressure of Tire Wi. Namely, if the pneumatic pressure of Tire Wi falls, as for ******, 
effective ** will become small compared with the time of normal internal pressure. Therefore, the angular 
rate of rotation Fi of Tire Wi to which the pneumatic pressure is falling becomes quick compared with the 
time of normal internal pressure. Therefore, the air failure of Tire Wi is detectable with the difference in each 
angular rate of rotation Fi. 

[0007] The judgment type for detection of the air failure of the tire Wi by the difference in the angular rate of 
rotation Fi has some which are shown in the following formula (1) (for example, refer to JP,63-30501 1,A and 
JP,4-212609,A). 
[0008] 

Fi+F 4 _ F 2 + F a 
d = 2 2 . . . - ( i ) 

F. + Fs+Fj + F, 
4 
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If effective ** of ****** Ureach of said tire Wi is altogether the same temporarily, since the angular rate of 
rotation Fi becomes the same altogether (F1=F2=F3=F4), a decision value D is 0. then, the thresholds DTH1 
and DTH2 (however, DTH1, DTH 2> 0) - recognizing - D - < -DTH1 or ~ D>DTH2 .... (2) 
It is judged with there being a tire Wi to which pneumatic pressure is falling, when ** satisfactory is carried 
out, and when not satisfied, it is judged with there being no tire Wi to which pneumatic pressure is falling. 
And if judged with there being a tire Wi to which pneumatic pressure is falling, as opposed to a driver, an 
alarm will be generated by the drop. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there is fault that there is a possibility of incorrect- 
detecting depending on the run state of a car, only by the judgment of the air failure by said formula (1) and 
(2). For example, when the pneumatic pressure of the tire Wi of either of the tires Wi is falling, while the car 
is running relatively at a low speed, it can detect correctly whether pneumatic pressure is falling, but while a 
car drives relatively at high speed and running, there is a possibility of incorrect-detecting. A reason is that 
the slip ratio of the reduced pressure wheel at the time of a high speed falls, and it rolls and a radius increases 
according to the centrifugal force of a tire. 

[0010] This invention aims at offering the tire air-failure detection approach that it can detect correctly 
whether the pneumatic pressure of a tire is falling irrespective of the run state of a car in view of an above- 
stated situation, consequently can prevent incorrect generating / un-generating (not generating an alarm in 
spite of decompressing), and its equipment. [ of an alarm ] 

[001 1] Furthermore, especially the purpose of this invention is irrespective of at the rate of how much the car 
is running among the run states of a car to offer the tire air-failure detection approach that it can detect 
correctly whether the pneumatic pressure of a tire is falling, consequently can prevent incorrect generating / 
un-generating, and its equipment. [ of an alarm ] 
[0012] 

[Means for Solving the Problem] The air- failure detection approach of the tire of this invention detects each 
angular rate of rotation of four tires with which the car is equipped. Based on each detected angular rate of 
rotation concerned, it judges whether the pneumatic pressure of a tire is falling. If it is the air-failure detection 
approach of a tire of generating an alarm and said angular rate of rotation is detected when judged with 
pneumatic pressure falling The judgment step for low speeds which judges whether the pneumatic pressure of 
a tire is falling based on each of this detected angular rate of rotation, Only when the angular rate of rotation 
is detected, it is more than the threshold that the rate of a car defines beforehand and a car is in a drive 
condition, it is characterized by including the judgment step for high speeds which judges whether the 
pneumatic pressure of a tire is falling based on said detected rotational speed. 

[0013] Moreover, when a number of data which set beforehand the rate more than the threshold which the 
rate of a car defines beforehand at fixed spacing to a field part opium poppy and a number of rate fields 
subsequently beforehand defined among all the rate fields concerned collect, said judgment step for high 
speeds With the data which averaged the data in the rate field which fulfilled the conditions of the number of 
data concerned, and then were averaged to the least square method, after asking for a secondary function, the 
decision value in an inside low speed can be calculated from this secondary function, and an alarm can be 
detected based on this decision value. 

[0014] Moreover, said judgment step for high speeds can set the averaged data in all fields to 0, when the 
averaged difference of the maximum of data and the minimum value is under the threshold defined 
beforehand. 

[0015] Moreover, said judgment step for high speeds can amend data, when an operation is carried out from 
the relation between the field used for the least square method, or the averaged data and there is a possibility 
of becoming an incorrect judging. 

[0016] Moreover, the averaged data can be set to 0 when said judgment step for high speeds has the near field 
used for a high-speed field and the least square method. 

[0017] Moreover, said judgment step for high speeds can change the threshold of an alarm judging by the 
field of the minimum rate of the averaged data which are used for the least square method. 
[0018] Moreover, said judgment step for high speeds can make weighting the data with which the minimum 
rate used for the least square method was averaged. 

[0019] Moreover, each angular rate of rotation of four tires with which the car is equipped is detected. Based 
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on each detected angular^^of rotation concerned, it judges whether t^^ieumatic pressure of a tire is 
falling. When judged with pneumatic pressure falling, it is the air-failure detection approach of a tire of 
generating an alarm. At the time of a low speed When it judges, and it is among a high speed and it is in a 
drive condition, whether the threshold as which the decision value which amends using the information on a 
car and is acquired determined said each angular rate of rotation beforehand is filled From the relation 
between the rate from an arbitration rate, and said decision value, the decision value at the time of said low 
speed is calculated, and the decision value concerned is characterized by judging whether the threshold 
defined beforehand is filled. 

[0020] Furthermore, the air- failure detection equipment of the tire of this invention Detect each angular rate 
of rotation of four tires with which the car is equipped, and it is based on each detected angular rate of 
rotation concerned. A speed detection means to be air-failure detection equipment of a tire which generates an 
alarm, and to detect the rate of a car when it judges whether the pneumatic pressure of a tire is falling and is 
judged with pneumatic pressure falling, A distinction means to distinguish whether it is more than the 
threshold that the rate of the car detected with this speed detection means defined beforehand, If a drive 
condition detection means to detect whether a car is in a drive condition is included and each angular rate of 
rotation is detected for said judgment means by said angle-of-rotation speed detection means A judgment 
means for low speeds to judge whether the pneumatic pressure of a tire is falling based on each of this 
detected angular rate of rotation, It is distinguished that the rate of the car detected by said speed detection 
means in said distinction means is said more than threshold if each angular rate of rotation is detected by said 
angle-of-rotation speed detection means. And only when it is detected that a car is in a drive condition in said 
drive condition detection means, it is characterized by including a judgment means for high speeds to judge 
whether the pneumatic pressure of a tire is falling, based on said detected angular rate of rotation. 
[0021] Moreover, each angular rate of rotation of four tires with which the car is equipped is detected. Based 
on each detected angular rate of rotation concerned, it judges whether the pneumatic pressure of a tire is 
falling. When judged with pneumatic pressure falling, it is air-failure detection equipment of a tire which 
generates an alarm. At the time of a low speed When it is a judgment means for low speeds to judge whether 
the threshold as which the decision value which amends using the information on a car and is acquired 
determined said each angular rate of rotation beforehand is filled, and among a high speed and is in a drive 
condition It is characterized by including a judgment means for high speeds to judge whether the threshold 
which calculated the decision value at the time of said low speed, and the decision value concerned defined 
beforehand from the relation between the rate from an arbitration rate and said decision value is filled. 
[0022] Moreover, when a number of data which set beforehand the rate more than the threshold which the 
rate of a car defines beforehand at fixed spacing to a field part opium poppy and a number of rate fields 
subsequently beforehand defined among all the rate fields concerned collect, said high-speed judgment means 
With the data which averaged the data in the rate field which fulfilled the conditions of the number of data 
concerned, and then were averaged to the least square method, after asking for a secondary function, the 
decision value in an inside low speed can be calculated from this secondary function, and an alarm can be 
detected based on this decision value. 

[0023] Moreover, said judgment means for high speeds can set the averaged data in all fields to 0, when the 
averaged difference of the maximum of data and the minimum value is under the threshold defined 
beforehand. 

[0024] Moreover, said judgment means for high speeds can amend data, when an operation is carried out 
from the relation between the field used for the least square method, or the averaged data and there is a 
possibility of becoming an incorrect judging. 

[0025] Moreover, the averaged data can be set to 0 when said judgment means for high speeds has the near 
field used for a high-speed field and the least square method. 

[0026] Moreover, said judgment means for high speeds can change the threshold of an alarm judging by the 

field of the minimum rate of the averaged data which are used for the least square method. 

[0027] Moreover, said judgment means for high speeds can make weighting the data with which the 

minimum rate used for the least square method was averaged. 

[0028] 

[Embodiment of the Invention] Two or more preparation of the judgment means with which this invention 
was suitable for the run state of a car, respectively is carried out. Therefore, the judgment according to the run 
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state of a car is realizable^mme of judgment means. 

[0029] Therefore, when it is judged that the pneumatic pressure of a tire is falling in at least one judgment 
means among said two or more judgment means, it can be judged that the pneumatic pressure of a tire is 
falling certainly. When in other words judged with all tires being normal internal pressure in all judgment 
means, it can be judged that a tire is normal internal pressure certainly. 

[0030] Moreover, paying attention to at the rate of how much the car is running among the run states of a car 
in this invention, two judgment means of the judgment means for low speeds and the judgment means for 
high speeds are prepared. 

[003 1] For example, if a car carries out high-speed transit when the pneumatic pressure of one of tires is 
falling, the angle-of-rotation speed difference with the time of an air failure and normal internal pressure may 
almost be lost. Therefore, there is a possibility of incorrect-detecting, with a judgment means to judge if the 
angular rate of rotation is detected. On the other hand, when these people investigate and a car is in a drive 
condition even if a car carries out high-speed transit, when the pneumatic pressure of one tire of the tires is 
falling The angle-of-rotation speed difference with the time of an air failure and normal internal pressure 
found out the approach of searching for the angle-of-rotation speed difference with the time of the air failure 
at the time of a low speed, and normal internal pressure for decreasing functionally the 2nd order from a 
header and its secondary function as the rate rose from a certain rate. 

[0032] Then, when satisfied with this invention of the conditions that the rate of a car is more than a 
threshold, and a car is in a drive condition after not only the judgment means for low speeds but the angular 
rate of rotation which will judge if the angular rate of rotation is detected was detected, it decided to prepare a 
judgment means for high speeds to judge. Therefore, it is correctly detectable whether the pneumatic pressure 
of a tire is falling irrespective of at the rate of how much the car is running. Therefore, it can prevent incorrect 
generating / un-generating. [ of an alarm ] 

[0033] Hereafter, based on an accompanying drawing, the air-failure detection approach of the tire of this 
invention and its equipment are explained. The block diagram in which drawing 1 shows one example of the 
air- failure detection equipment of the tire of this invention, The block diagram showing the electric structure 
of the air- failure detection equipment of a tire [ in / in drawin g 2 / drawing 1 ], A flow chart for drawin g 3 to 
explain alarm generating / halt processing in the air- failure detection equipment of the tire of drawing 1 , A 
flow chart for drawin g 4 -5 to explain the rate recursion reduced pressure judging of alarm generating / halt 
processing in the air- failure detection equipment of the tire of drawing 1 and drawin g 6 are set at the time of 
high-speed transit of a car. The explanatory view showing that a decision value decreases functionally the 2nd 
order with the increment in a rate in the range forward in order acceleration, A flow chart for drawing for 
drawin g 7 to explain the least square method and dr awin g 8 to explain other examples of the air- failure 
detection equipment of the tire of this invention, A flow chart for drawing 9 -10 to explain the rate recursion 
reduced pressure judging in drawing 8 and drawing 1 1 are drawings for the explanatory view of an incorrect 
judging and drawing 12 to explain the least square method in connection with other examples. 
[0034] As shown in drawin g 1 , the air-failure detection equipment of the tire of this invention detects 
whether four tires Wl and W2 offered on the four- flower car, W3, and the pneumatic pressure of W4 are 
falling, and is equipped with the usual wheel speed sensor 1 formed respectively in relation to said tires Wl 
and W2, W3, and W4. A control unit 2 is given and the output of the wheel speed sensor 1 is ******. The 
drop 3 which consisted of liquid crystal display components, plasma display devices, or CRT for telling the 
tire Wi to which pneumatic pressure fell etc. is connected to the control unit 2. Moreover, since dispersion 
within specification is included and manufactured, it is necessary to amend Tire Wi so that the dynamic load 
radius of Wi may become the same in normal internal pressure. Then, 4 is a switch used as the cause to 
perform the above-mentioned amendment. 

[0035] I/O interface 2a required for delivery of a signal with an external device, CPU2b which functions as a 
center of data processing, ROM2c in which the control action program of this CPU2b was stored, and in case 
said CPU2b performs control action, data etc. are written in temporarily, or the control unit 2 consists of 
RAM2d from which the written-in data is read, as shown in drawin g 2 . 

[0036] By said car rate sensor 1 , the pulse signal (henceforth a wheel speed pulse) corresponding to the 
rotational frequency of Tire Wi is outputted. moreover, the wheel speed pulse outputted from the wheel speed 
sensor 1 in CPU2b — being based — predetermined sampling period deltaT (sec), for example, delta, — the 
angular rate of rotation Fi of each tire Wi is computed for T= every second. 
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[0037] Below, alarm gen^^ng / halt processing in the air-failure dete^^ approach of the tire of this 
invention are explained. In addition, this processing is realized by software. First, based on the wheel speed 
pulse outputted from each wheel speed sensor 1 in every second as shown in drawing 3 , the angular rate of 
rotation Fi of each tire Wi is computed (step SI). Here, since dispersion (initial difference) within 
specification is included and manufactured, effective ** of each tire Wi will not necessarily be the same 
[ Tire Wi / ******], even if all the tires Wi are normal internal pressure. Therefore, the angular rate of 
rotation Fi of each tire Wi will vary. Then, angular-rate-of-rotation Fli amended in order to negate dispersion 
by the initial difference is computed (step S2). Specifically, it is amended with 

FI l=FlF12=mF2F13=F3F14=nF4. Said correction factors m and n compute the angular rate of rotation Fi a 
condition [ the car carrying out straight-line transit ], and based on this computed angular rate of rotation Fi, if 
acquired as m=Fl/F2 and n=F3/F4, they will be amended. 

[0038] And based on said Fli, the rate V of a car, TR R, Width G, and the order acceleration A are computed 
(step S3). 

[0039] By the way, dispersion becomes large with the magnitude of the radius R of a car, the rate V of a car, 
the longitudinal direction acceleration G of a car, and the cross-direction acceleration (only henceforth order 
acceleration) A, and said angular rate of rotation Fi has a possibility of as a result leading to an incorrect 
judging. 

[0040] That is, since there is a possibility that Tire Wi may sideslip [ TR R ] in being relatively small, 
possibility that dispersion in the angular rate of rotation Fi computed will become large is high. Moreover, . 
since the detection precision of the ****** sensor 1 falls remarkably when the rate V of a car is super-low **, 
possibility that dispersion in the angular rate of rotation Fi computed will become large is high. Moreover, 
since there is a possibility that Tire Wi may sideslip [ the side G of a car ] in being relatively large, possibility 
that dispersion in the angular rate of rotation Fi computed will become large is high. Furthermore, when the 
absolute value of the car order acceleration A is relatively large, since a slip of the tire Wi by a car sudden- 
accelerating or sudden slowing down or the effect of a foot brake can be considered, possibility that 
dispersion in the angular rate of rotation Fi computed will become large is high. Thus, when possibility that 
an error is included in the angular rate of rotation Fi is high, the angular rate of rotation Fi has a desirable 
method of rejecting, without adopting it as detection of an air failure (exclusion). 
[0041] Then, it is distinguished whether based on TR R of a car, a rate V, Width G, and the car order 
acceleration A, angular-rate-of-rotation Fli obtained at said step S2 is rejected (step S4). 
[0042] When not rejecting angular-rate-of-rotation Fli as a result of distinction by said step S4, a decision 
value D is computed by the following formula (3) based on the angular-rate-of-rotation Fli (step 5). 
[0043] 

F l!+F 4 _ F1 2 + F1 



( 3 > 



Fli+F 1 2 +F l a + F 1 4 
4 



By the way, calculation of TR R of the car in said step S5, a rate V, Width G, and the car order acceleration A 
is performed using angular-rate-of-rotation Fli to which amendment of an initial difference was performed. 
On the other hand, as for ****** ? effective ** of Tire Wi is changed with TR R of not only an initial 
difference but a car, a rate V, Width G, and the order acceleration A. Therefore, the effect of the fluctuation 
factor containing TR R of a car, a rate V, Width G, and the order acceleration A is acting on the decision 
value D calculated at said step S5. 

[0044] Then, amendment for eliminating the effect of the fluctuation factor of the decision values D, such as 
TR R of a car, a rate V, Width G, and the order acceleration A, is performed (step S6). 
[0045] Specifically, it is amended by the following formula (4). 
[0046] 

D - D-alpha lx horizontal G-alpha 2x horizontal GxA .... (4) 

In addition, D 1 obtained at this step S6 is saved temporarily for example, at RAM2d. 

[0047] Here, in said formula (4), alphal and alpha2 are multipliers, when it turns out that each tire Wi of 

these multipliers alphal and alpha2 is normal, test transit is performed, and based on TR R of the car then 
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computed, a rate V, Wid^^ and the car order acceleration A, it asks l^^ehand. Said multipliers alphal 
and alpha2 are beforehand memorized by ROM2c of a control unit 2. 

[0048] It is judged using decision value D* after the amendment obtained at said step S6 whether pneumatic 
pressure is falling by the following formulas (5) (step S7). In addition, in a formula (5), it is DTH1=DTH 2= 
0.1. 
[0049] 

D 1 <-DTHl or D'> DTH2 .... (5) 

consequently, if decision value D' is filling the formula (5), it will judge with pneumatic pressure falling — 
having — multiple times — an alarm is generated when the same judgment is performed to some extent 
continuously (step S9). on the other hand, if said decision value D' is not filling the formula (5), it judges with 
pneumatic pressure not falling — having ~ multiple times — an alarm is eliminated when the same judgment is 
performed to some extent continuously (step S8). That is, since it is made to carry out when pneumatic 
pressure was falling, or generating or prohibition of an alarm is not performed whenever it was judged with it 
being normal internal pressure, but the same judgment is continuously performed to some extent over two or 
more rounds, it can prevent incorrect generating / un-generating. [ of the alarm under the sudden effects of a 
noise etc. ] 

[0050] Since the angular rate of rotation Fi of the tire Wi concerned becomes quick compared with the 
angular rate of rotation Fi of the tire Wi of normal internal pressure while the car is carrying out low-speed 
transit relatively when the pneumatic pressure of the tire Wi of either of the tires Wi is falling, in said step S7, 
decision value D* is satisfied with a place of said formula (5). On the other hand, while the car is running 
relatively at high speed, most differences of the angular rate of rotation Fi of Tire Wi and the angular rate of 
rotation Fi of the tire Wi of normal internal pressure to which pneumatic pressure is falling may be lost. Since 
possibility that decision value D' will be set to 0 is high at this time, in said step 7, it will be judged with all 
the pneumatic pressure of Tire Wi being normal, then, in this example, when a car is in a drive condition also 
in a high speed Since secondary decision value D f decreases functionally as a rate rises from a certain rate 
(refer to dr awin g 5 ), even if the car is running relatively at high speed in quest of decision value D 1 at the 
time of the low speed by the secondary function Only within the case under drive, an alarm generating 
preliminary treatment (henceforth a rate recursion reduced pressure diagnosis) is performed again (step 10). 
[0051] Below, the flow chart of drawin g 4 explains the detail. 

[0052] first, more than threshold VTH (for example, VTH=120 km/h) that the rate V of a car defines 
beforehand in order to perform a rate recursion reduced pressure measuring method only within the case 
where the car is running in the state of a high speed and a drive relatively — moreover, it distinguishes 
whether it is more than threshold ATH (for example, ATH=0G) that the order acceleration A forjudging 
whether a car is in a drive condition defines beforehand (step SI 1). 

[0053] Consequently, since the rate V of a car does not produce the above faults when it is distinguished as 
the under threshold VTH and order acceleration A is under the threshold ATH, it does not need to perform the 
rate recursion reduced pressure diagnosis mentioned later. Moreover, also when the rate V of said car is 
judged that the under threshold VTH or order acceleration A is under the threshold ATH, a rate recursion 
reduced pressure diagnosis is not performed. Therefore, it returns to step SI, without operating steps SI 2- 
S25. On the other hand, when the rate V of a car is distinguished as more than threshold VTH and the order 
acceleration A are more than threshold ATH(s), the rate recursion reduced pressure diagnosis to steps SI 2- 
S26 explained below is performed. 

[0054] It begins from carrying out the field division of the rate V at present first in a rate recursion reduced 
pressure diagnosis (step SI 2). If the rates V at present are for example, 135 km/h supposing it divides a rate 
into the fields from 1 to 14, for example from 120 km/h every 10 km/h when step SI 2 is explained concretely, 
since the rate of 120 km/h bases is the field of 1, 135 km/h will go into the field of 2 on 130 km/h bases. 
Moreover, the number which carries out a field division is decided with the rate of permission of a car. 
[0055] After the processing finishes, decision value D' at present and a rate V are added to the rate field 
assigned by step S12 (steps SI 3 and S14). If steps S13 and S 14 are explained concretely, rate recursion 
reduced pressure judging processing is performed for every second so that the flow chart of drawin g 3 may 
also show, and when judged with a high speed and a car driving from the rate V in this time, and the order 
acceleration A, steps S12-S26 shown by drawin g 4 will be processed. Therefore, when it judges that a car is 
under a high speed and drive, the rate V per second and decision value D 1 are put into the corresponding field, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/24/2005 



Page 7 of 9 

and processing in which^^ds to the value which adds the value until^^ is performed. 
[0056] It counts up in order to count how many data are next in the rate field which corresponds this time 
(step SI 5). When steps SI 1 -SI 5 are summarized, it means counting how many data it adds to the field which 
was able to divide the rate V in every second which a car can use for processing of the rate recursion 
manometric method of being under a high speed and drive, and decision value D 1 , and are in the field here. 
[0057] It investigates whether next there is any rate field which has six or more data about all fields (step 
SI 7). If it is, it asks for the average of decision value D' added until now [ in the field ], and a rate V (step 
SI 8), and it will count up in order to count how many the field with six or more data was made (step SI 9). 
Especially actuation will not be performed if there is nothing. 

[0058] If the rate field which finishes these activities and has six or more data is located to three fields, based 
on the rate V and decision value D' which were averaged in each field, it will ask for decision value 
D* (CrosP) at the time of rate =0km/h with the least square method (steps S21-S22). 

[0059] If the least square method is explained concretely, when a rate V is taken along an axis of abscissa and 
decision value D' is taken along an axis of ordinate, three decision value D* corresponding to said rate V and it 
which were averaged will be plotted (refer to drawing 6 ). When secondary curvilinear y=ax2+b which passes 
along this core of three points is assumed next, the method of asking for a and b from which the sum of the 
square of the die length of the line drawn so that it might become the y-axis and parallel from each point at 
this secondary curve becomes min is the least square method used here. In addition, b here corresponds to 
said CrosP. 

[0060] Moreover, especially actuation will not be performed if there is no rate field with six or more data in 
three fields. 

[0061] It is judged using decision value D 1 (CrosP) obtained at said step S22 whether pneumatic pressure is 
falling by said formula (5) (steps S23-S26). In addition, in the following formula (6), it is DHTH 1 =DHTH 2= 
0.1. 
[0062] 

| CrosP|<-DHTHl or |CrosP|<-DHTH2 .... (6) 

Consequently, if the decision value CrosP is filling the formula (6), it will be judged that pneumatic pressure 
is falling and an alarm will be generated (step S24). On the other hand, if the decision value CrosP is not 
filling the formula (6), it is judged with pneumatic pressure not falling and an alarm is eliminated (step S26). 
In addition, when various conditions judge a set alarm, the variable of all rate fields is cleared. 
[0063] Other examples of this invention are explained below. After steps SI 1-S16 are the same as steps Sl- 
S6 in said example as shown in drawing 8 , and step S15 is completed, it progresses to step S16 and various 
reduced pressure judgings are performed using decision value D f after the amendment subsequently obtained 
at this step SI 6 (step SI 7). In this reduced pressure judging, it is judged whether pneumatic pressure is falling 
by the following formula (7). In addition, in a formula (7), it is DTH 1 =DTH 2= 0.1. 
[0064] 

D' <-DTHl or D ? > DTH2 .... (7) 

Consequently, a warning flag is cleared, if decision value D f is filling the formula (7) and it is not filled [ set 
the warning flag and ]. 

[0065] the next — a rate recursion reduced pressure judging — carrying out (step SI 8) — this is described in 
detail below. Consequently, a warning flag will be cleared, if the decision value fulfills alarm criteria, and set 
the warning flag and it is not filled. Furthermore, if the warning flag is set, an alarm lamp is turned on, and if 
not set, it will process erasing an alarm lamp etc. (steps S19-S1 1 1). 

[0066] By the way, since the angular rate of rotation Fi of the tire Wi concerned becomes quick like said 
example compared with the angular rate of rotation Fi of the tire Wi of normal internal pressure while the car 
is carrying out low-speed transit relatively when the pneumatic pressure of the tire Wi of either of the tires Wi 
is falling, in said step SI 7, decision value D' satisfies alarm criteria. On the other hand, while the car is 
running relatively at high speed, most differences of the angular rate of rotation Fi of Tire Wi and the angular 
rate of rotation Fi of the tire Wi of normal internal pressure to which pneumatic pressure is falling may be 
lost. Since possibility that decision value D' will be set to 0 is high at this time, it will set [ aforementioned ] 
step SI 7 and will be judged with all the pneumatic pressure of Tire Wi being normal. However, when a car is 
in a drive condition also in a high speed, it turns out that secondary decision value D' decreases functionally 
as a rate rises (refer to drawing 6 ). 
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[0067] So, in this examplf^ven if the car is running relatively at high speed in quest of decision value D f at 
the time of the low speed by the secondary function, only within the case where it is under drive, an alarm 
generating preliminary treatment is performed again. 
[0068] Below, the flow chart of drawin g 9 -10 explains the detail. 

[0069] first, more than threshold VTH (for example, VTH=85 km/h) that the rate V of a car defines 
beforehand in order to perform a rate recursion reduced pressure measuring method only within the case 
where the car is running in the state of a high speed and a drive relatively — moreover, it distinguishes 
whether it is more than threshold ATH (for example, ATH=0G or -0.03G) that the order acceleration A for 
judging whether a car is in a drive condition defines beforehand (step SI 13). 

[0070] Consequently, since the above phenomena do not happen when it is distinguished that the under 
threshold VTH or order acceleration A is under the threshold ATH, the rate V of a car does not perform the 
rate recursion reduced pressure diagnosis mentioned later. Therefore, steps SI 14-S125 are not operated, but it 
returns to step SI 9. On the other hand, when the rate V of a car is distinguished as more than threshold VTH 
and the order acceleration A are more than threshold ATH(s), the rate recursion reduced pressure diagnosis to 
steps SI 14-S125 explained below is performed. 

[0071] It begins from carrying out the field division of the rate V at present first in a rate recursion reduced 
pressure diagnosis (step SI 14). If the rates V at present are for example, 100 km/h supposing it divides the 
rate to 155 km/h into the fields from 1 to 14, for example for 85 km/h to a rate every 5km/h, if step SI 14 is 
explained concretely, since the rate of 85 km/h bases is the field of 1, 100 km/h will go into the field of 4 on 
100 km/h bases. Moreover, the number which carries out a field division is decided with the rate of 
permission of a car. 

[0072] After the processing finishes, decision value D' at present and a rate V are added to the rate field 
assigned by step SI 14 (step SI 15). If step SI 15 is explained concretely, rate recursion reduced pressure 
judging processing is performed for every second so that the flow chart of drawing 8 may also show, and 
when judged with a high speed and a car driving from the rate V in this time, and the order acceleration A, 
steps SI 14-S125 shown by drawin g 9 -10 will be processed. Therefore, when it judges that a car is under a 
high speed and drive, decision value D 1 at that time is put into the corresponding field per second, and 
processing in which it adds to the value which adds the value until now is performed. 

[0073] One counter is increased in order to teach how many data are next in the rate field which corresponds 
this time (step SI 16). When steps SI 14-S1 16 are summarized, it means increasing one counter of the field 
where a car adds to the field which was able to divide decision value D* in every second which can be used 
for processing of the rate recursion manometric method of being under a high speed and drive, and 
corresponds to it here. 

[0074] It investigates [ as which the rate field which has next data more than the number (for example, 1 5 
pieces) beforehand defined about all fields determines it beforehand ] whether it is a number (for example, 
four fields) (step SI 1 7). If it is, the average of decision value D' and the mean value of each rate field which 
are added until now [ in the field ] will be calculated (step S 1 1 8). 

[0075] Furthermore, when the difference of the maximum of an average of D 1 and the minimum value is the 
threshold (less than [ for example, ] 0.04) defined beforehand, an average of D 1 in all fields is set to 0 (steps 
SI 19-S120). In addition, the alarm decision value finally calculated in this case is set to 0, and it is made not 
to detect an alarm. 

[0076] When an operation is carried out in this invention from the relation between the field used [ in / steps 
SI 19-S120 are not limited to this, and / said steps SI 19-S120 ] for the least square method, or an average of 
D \ there is a possibility of becoming an incorrect judging. For example, as shown in drawing 1 1 , it sets to 
four rate fields b considerably distant from the inside low speed of the decision value a calculated by 
recursion. Even if the data of recursion are the case where the assembly and the decision value of the data are 
decreasing to the increment in a rate If a secondary regression curve is called for based on this, it may become 
an incorrect judging at **** which is dispersion extent at the time of normal internal pressure which the 
difference c of maximum and the minimum value furthermore calls 0.03 or less. In addition, d in drawin g 1 1 
is an alarm judging threshold. 

[0077] Or in steps SI 19-S120, when the field used for a high-speed field (for example, 150 or more km/h) 
and the least square method is near (for example, all of four fields adjoin each other), an average of D 1 can be 
set to 0. 
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[0078] Or in steps SI 19-STCO, what the threshold of an alarm judging Changed for (for example, the 
variable to double is given) is made by the field (at for example, the time of 1 50 km/h) of the minimum rate 
of an average of D 

[0079] Furthermore, in steps S119-S120, what the minimum rate of an average of D 1 is made into a field (at 
for example, the time of 1 50 km/h), and weighting is made an average of D ' of a minimum rate also for (for 
example, it is made two pieces) is made. 

[0080] If the rate field which finishes these activities and has 15 or more data is located to four fields, based 
on the intermediate rate V of each field and an average of D ' which were averaged in each field, it will ask 
for decision value D ? (CrosP) in a low speed with the least square method (step SI 21). 

[0081] If the least square method is explained concretely, when a rate V is taken along an axis of abscissa and 
decision value D' is taken along an axis of ordinate, four decision value D 1 corresponding to the intermediate 
rate V of each field and it which were called for from **** will be plotted (refer to drawing 12 ). When 
secondary curvilinear y=ax2+b which passes along this core of four points is assumed next, the method of 
asking for a and b from which the sum of the square of the die length of the line drawn so that it might 
become the y-axis and parallel from each point at this secondary curve becomes min is the least square 
method used here. In addition, b here corresponds to said CrosP. 

[0082] Moreover, especially actuation will not be performed if there is no rate field with 15 or more data in 
four fields. 

[0083] It is judged using decision value D 1 (CrosP) obtained at said step S121 whether pneumatic pressure is 
falling by the following formula (8) (steps S122-S125). In addition, in the following formula (8), it is 
DHTH1=DHTH 2= 0.1. 
[0084] 

CrosP<-DHTHl or CrosP<-DHTH2 .... (8) 

Consequently, if the decision value CrosP is filling the formula (8), pneumatic pressure will be judged to fall 
and will set a warning flag (step SI 23). On the other hand, if the decision value CrosP is not filling the 
formula (8), it judges that pneumatic pressure is not falling and it clears a warning flag (step SI 24). In 
addition, when various conditions judge a set alarm, the variable of all rate fields is cleared (step SI 25). 
[0085] 

[Effect of the Invention] Since two or more preparation of the judgment means which was suitable for the run 
state of a car, respectively is carried out according to this invention as explained above, the judgment 
according to the run state of a car is realizable in one of judgment means. Therefore, since it is correctly 
detectable whether the pneumatic pressure of a tire is falling irrespective of the run state of a car, it can 
prevent incorrect generating / un-generating. [ of an alarm ] Therefore, since the dependability over the alarm 
of a driver can be improved, improvement in a traffic paint can be aimed at. 

[0086] Moreover, since a judgment means for high speeds for a car rate to be more than a threshold, and to 
judge when the conditions that a car is driving are satisfied is prepared after not only the judgment means for 
low speeds but the angular rate of rotation which will judge if the angular rate of rotation is detected is 
detected, it is correctly detectable whether the pneumatic pressure of a tire is falling irrespective of at the rate 
of how much the car is running. Therefore, it can prevent incorrect generating / un-generating. [ of an alarm ] 
Therefore, since the dependability over the alarm of a driver can be improved, improvement in a traffic paint 
can be aimed at. 



[Translation done.] 
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